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Abstract 
Road traffic injuries are one of the leading causes of deaths around the world. Due to lack of available resources 
and due to unplanned growth, predominant portion of these fatalities occur in middle-income and low-income 
countries. For the improvement of traffic safety, it is important to understand various characteristics of traffic 
risks both temporally and spatially. Lack of detailed data in developing countries is a serious challenge in 
addressing traffic safety. In India, number of traffic related fatalities is the only reliable traffic safety related data 
available. Multiple regression models, which are generally used in these countries analyze the fatality data, do not 
consider the effect of omitted variables on the dependent variable. This study is an attempt to develop a model 
based on readily available data for India to estimate traffic safety risk while considering the individual specific 
effect of various regions. Panel data analysis is commonly being used for various studies due to the advantages of 
panel data. Panel data can accommodate data with more information, more variability, less collinearity among 
variables, more efficiency and more degree of freedom. Using cross sectional time series panel data for 28 states 
of India over the period of 2004-08, panel model is developed on the number of fatalities. Data on total number 
of deaths due to road crashes, road infrastructure, population, area and vehicle registration are used in this study. 
Most of the data are retrieved from reliable sources such as publications of National Crime Records Bureau 
(NCRB), Ministry of Road Transport and Highways (MORTH), Census Bureau of India, and Ministry of 
statistics and programme implementation (MOSPI). The coefficients for the variables included into the model are 
assumed to be fixed based on the analysis of covariance test. This assumption is unrealistic. However, with the 
availability of data for more years, the variation of the coefficients of variables can be taken into account.  
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1. Introduction 
About 1.2 million people die (WHO, 2009) every year due to road traffic injuries in the world and 20 to 50 
million people suffer from non fatal injuries. During 2004 road traffic injuries was 9th leading cause of death and 
WHO predicts that it will be 5th leading cause of death by 2030. Number of fatalities in high income countries is 
much less than low and middle income countries. Low and middle income countries posses only 48 percent of 
registered vehicles in world but 90 percent of the fatalities in world occur in these countries (WHO, 2009). About 
62 percent of the deaths in world occur in 10 countries. These 10 countries are China, India, Nigeria, the United 
States, Pakistan, Indonesia, the Russian Federation, Brazil, Egypt and Ethiopia. Other than for the U.S., all other 
countries among these 10 countries are developing countries. Top 10 countries having lowest fatality rate, 
fatalities per 100000 population include almost all high income countries. Crash data show that in high income 
countries, road traffic fatality rates have stabilized and have started to decline over the years while in low and 
middle income countries these rates are still increasing. Fatality rate in high income countries is 10.3. In middle 
and low income countries fatality rate is 19.5 and 21.5 respectively (WHO, 2009). Thus the condition is more 
severe in developing countries.  
Road traffic safety is a major issue of concern in India due to its negative impact on economy and public 
health. According to the official statistics, 1,34,513 persons were killed and 5,27,512 persons were injured in 
road accidents in India during year 2010 (MORTH, 2010). Around 2 million people were disabled due to road 
injuries during 2005. Data on number of traffic related injuries are not accurate because of the lack of proper 
crash reporting system in India. Road traffic fatalities have been continuously increasing over the past decade.  
The relationship between economic development and road fatalities follows a Kuznets curve (McManus, 
2007). Kuznet curve is the graph between the economic development and measures of income inequality and 
-income countries are at its early stage of 
development.  Experiences from various countries show that as the economy for a country improves, vehicle 
ownership increases and so are the road fatalities. Theses fatalities will increase upto some critical point after 
which they will start to drop, consistent with Kuznets curve  For a developing countries, it is expected that the 
income per capita would be increasing for several years. Therefore the number of traffic fatalities would also be 
increasing unless some serious interventions are made to address it.  Growing trend of fatalities in India shows 
that it is on the left side of Kuznets curve. Therefore it is necessary to develop a systematic approach to enhance 
traffic safety. For this, the first step is to assess the traffic risks of regions under consideration. 
2. Literature Review 
Several studies have been done in developed countries using microscopic data for prediction of fatalities and for 
comparison of safety of states or other regions. Hermans, Brijs, and G. Wets (2009) developed a model to rank 
the European countries with respect to road safety. A random intercept model was developed by Kweon (2007) 
for prediction of fatality rates that could be used for comparison between U.S. states. Shen, Hermans, Brijs,  
Wets, Vanhoof (2012) used the data envelopment analysis (DEA) to estimate the overall road safety efficiency 
score. Panel data model was also developed by Bresson, Dargay, Madre, and Pirotte (2003), and Kweon and 
Kockelman (2005). 
 Mohan, Tsimhoni, Sivak, and Flannagan (2009)  have done a study to analyze the road safety in India. 
He analyzed age distribution of population and traffic fatalities, traffic fatalities by gender, month, time of day, 
road user type, and road categories. Retrospective study was done by Kanchan, Kulkarni, Bakkannavar, Kumar, 
and Unnikrishnan (2012) to identify the major cause of deaths in a coastal township of South India using Medico-
legal autopsies data. Jain, Menezes, Kanchan, Gagan, and Jain (2009) have done a study to analyse the trend of 
two wheeler accidents in Mangalore using the data collected for period 2000-2004. Garg and Hyder (2006) 
explored the relationship between road development and road traffic injuries in India. Mathematical modelling 
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have been done in India to relate the road traffic fatalities with population, vehicle ownership and economic 
growth using panel data of states over period of 1990-2009 (Ponnaluri, 2012). Smeed and Andreassen models 
have been developed. 
Montella, Colantuoni, and Lamberti (2008) developed a prediction model for evaluating road safety of 
rural motorway in Italy. Stepwise forward procedure was used for developing the model. Akgungor and Dogan 
(2008) developed two analytical models: Smeed and Anderson model for estimating road accidents in Turkey. 
These models were compared with artificial neural network model. Similar Smeed model was developed by 
Ramesh and Kumar (2011) to develop projection model for future accident for Hyderabad, India. Fatalities, 
registered vehicles and fatalities were taken as variables for the study.  
Several researches have been done to identify the trend of mortality and morbidity in individual states or 
countries. Studies have been done also for comparison of safety among states and countries in many developed 
and developing countries. For studies in developed countries detailed data are available like vehicles miles 
travelled, speed limit, alcohol usage, seat belt usage, fuel consumption etc. Detailed police records of crashes are 
also available that contains type of vehicles involved in crash, number of people injured, age of victims, time of 
occurrence of crash, cause of crash and damage caused by crash etc. But there is lack of detailed data in 
developing countries. Panel data models have been very popular in several studies in developed countries, where 
aggregate data were easily available. In developing countries mostly multiple regression models are being 
developed since it is difficult to get aggregate data in developing countries. 
 
3. Objective 
As discussed in literature review, lack of microscopic data in developing countries is major concern for 
addressing the road safety issues in these countries. The objective of the paper is to develop a model to quantify 
traffic risk for regions of developing countries with readily available data. The regions could be as small as cities 
or as large as states. 
4. Data 
Availability of reliable data on traffic safety and other transportation indicators is a major issue in developing 
countries. In India also the case is not different. For model development data are collected for 28 states of India. 
Most of the data are retrieved from reliable sources such as publications of National Crime Records Bureau 
(NCRB), Ministry of Road Transport and Highways (MORTH), Census Bureau of India, and Ministry of 
statistics and programme implementation (MOSPI). Data of total no of deaths due to road crashes are collected 
from publications of NCRB (2006) and publications of MORTH (2010). 
 . Data 
for population and area are taken from Census Bureau of India (2011) and Ministry of statistics and programme 
implementation (2011) respectively. Vehicle registration data are taken from publications of MORTH (2011). 
Data for net domestic product for each state is taken from report of RBI. Two types of variables direct and 
derived are used for the analysis. Data for period of five years 2004-08 are used for the developing prediction 
models. Basic descriptive statistics for all the direct and derived variables are shown in Table 1. Minimum and 
maximum values of each variable show the huge variation of all the variables across various states. 
Number of fatalities is increasing through years for all the states. Total number of vehicles registered 
increases with time for all the states as these are cumulative data. Population projections are taken from census. 
Population for each state is increasing with almost constant rate peculiar to that state. In general road length 
increases with time or stay constant for most of the states. Rate of increase may be different for different years. 
For Maharashtra there is considerable decrease in total road length during 2004-05. In Himachal Pradesh there is 
sharp decrease in total road length during 2004-05 and there is sharp increase during 2006-07 and after that this it 
is maintained. Similarly peak is observed in Nagaland during 2004-06. There is considerable increase followed 
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by decrease in total road length during this period. In Uttarakhand also there is sharp decrease in total road length 
during 2004-05. Similarly total highway length either remains constant or increases. In some cases small peaks 
are found. But for Uttar Pradesh the highway length is continuously decreasing during 2004-08 
As the population increases number of people being exposed to traffic increases. Thus positive relation 
is expected between population and number of fatalities. It is expected that as the number of vehicles registered 
increases, number of potential victims of traffic fatalities increases and hence shows the positive correlation with 
traffic fatalities. Similarly a positive correlation is expected between the income and traffic fatalities. As income 
increases people are ready to pay more on travel and non work trip also increases. This increases the vehicles 
miles travelled and exposure to traffic also increases causing increase in number of fatalities (Jessie and Yuan, 
1998). Positive correlation is also expected between total road length and number of fatalities, total highway 
length and number of fatalities because with expansion in road infrastructure number of people travelling 
increases and with increase in highway length number of people travelling at high speed increases. 
Several studies have been done so far in which ordinary least square (OLS) model has been developed 
for prediction of fatalities. Instead of developing separate models for each state, panel data models are better 
choice. Panel data provides large data points for establishing a relationship between dependent and independent 
variables. It is easy to compare the safety of states based on panel models as several endogenous factors for 
individuals are included into the model. These factors cannot be included into the OLS model. When OLS 
regression applied to panel data, OLS predictions are underestimated. So these are not reliable for comparison of 
safety of states. When OLS regression (pooled OLS) is applied to panel data the slope parameter estimation is 
biased because error term and explanatory variable are correlated and also there exists unobserved heterogeneity 
(Bruderl, 2005). Pooled OLS is based on between variations. Panel data contains data for N individual over time 
T. If error terms are correlated for individuals over time the standard error is downward biased. T year 
observations are treated as independent information but correlation across time for individuals causes NT data to 
be less informative. Thus there is bias in the parameter estimation.  
Table 1  Direct and Derived Variables Considered in the Analysis 
Variable Number Mean SD Min Max 
Number of fatalities (f) 140 3692.57 3992.29 42 13961 
Area (a) 140 117.01 102.37 3.7 342.24 
Population (p) 140 39.03 41.98 0.56 190.25 
No of vehicles registered (v) 140 2968.88 3327.54 17 13335 
Road length (r)  140 101882 89334.2 1873 284673 
Highway length (h) 140 7591.01 8516.48 241 37851 
Net domestic product (i) 140 99739.5 111051 1209 614071 
Fatalities/million vehicles (fv) 140 1584.48 1073.57 244.19 8619.05 
Fatalities/million people (fp) 140 97.37 45.95 20.06 226.4 
Fatalities/1000 km of road length (fr) 140 35.5 28.89 1.6 151.18 
Population density (pd) 140 0.34 0.27 0.01 0.99 
Vehicles/1000 people (vp) 140 81.64 67 8.56 390.98 
Road density (rd) 140 1127.27 1035.76 94.92 5268.69 
Road length/million people (rp) 140 4347.05 3161.17 415.07 15368.8 
Road length/1000 of vehicles (rv) 140 97.06 148.33 7.48 806.86 
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Highway density (hd) 140 69.84 35.69 4 158.94 
Highway length/million people (hp) 140 321.59 254.3 44.94 1238 
Highway length/1000 of vehicles (hv) 140 6.02 6.03 0.65 25.07 
Net domestic product per capita (ip) 140 2.92 1.48 0.68 10.54 
 
5. Methodology 
Panel data analysis is commonly being used for various kinds of studies due to the various advantages of panel 
data. Panel data can accommodate data with more information, more variability, less collinearity among 
variables, more efficiency and more degree of freedom (Gujarati and Sangeetha, 2007). Figure 1 show the steps 
to be followed to develop the panel data based model. As shown in figure Variance Inflating Factor (VIF) test is  
 
 
 
 
Figure 1.  Steps for developing the model 
performed at the first step to remove the multicollinearity. Second step is selection of dependent and explanatory 
variables. Stepwise regression method is used for selecting dependent variable and subset of explanatory 
variables. Third step is to do the analysis of covariance that will help to decide between variable intercept model, 
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variable coefficient model and pooled regression model, which will be appropriate for the available aggregate 
data. Fourth step is to apply the selected model by analysis of covariance. If analysis of covariance test suggests 
using the variable intercept model then next step is to decide whether fixed effect model or random effect model 
should be used. Hausman test can be used to decide which model should be preferred. Collected panel data for 28 
states of India over period of 5 years suggests the use of variables intercept model. Hence pooled regression 
model and variable intercept model have not been explored.   
6. Results  
Analysis of covariance suggested the use of variable intercept model. Hence variable intercept model is applied 
to the panel data for this study. Thus step 4-b (Figure 1) has been followed. Least square dummy variable 
regression model (fixed effect model) is applied to panel data. For this model population and number of vehicles 
registered are statistically significant up to 95% confidence level (see Table 2) but road length is significant up to 
85% confidence level. The slope coefficients of population, number of vehicles registered and road length have 
positive sign showing positive relation with fatalities. Random intercept model is also applied to data. In this 
model population, number of vehicles registered and road length are included up to 95% confidence level and all 
these variables have positive coefficients showing positive relation with fatalities (see Table 3). Selection of 
model between fixed effect model and random effect model depends on the decision whether inference is to be 
made with respect to the population or with respect to the sample. Here the interest is in fixed number of states or 
regions, fixed effect model will be better choice. Hausman test is also performed for which null hypothesis is that 
random effect model will be preferred. Null hypothesis is rejected at 5% significance level and fixed effect model 
will be preferred to random effect model.  
Table 2  Summary of Fixed Effect Model: Least Square Dummy Variable Approach 
                                  Estimate  Std. Error  t value   Pr(>|t|)     
p                                1.742e+02   5.237e+01    3.327       0.00 **  
v                                3.996e-01   1.100e-01    3.631       0.00 *** 
r                                4.738e-03   3.317e-03    1.428      0.16     
Andhra Pradesh     -5.293e+03   3.502e+03   -1.512       0.13     
Arunachal Pradesh  -1.670e+02   2.151e+02   -0.777       0.44    
Assam               -4.831e+03   1.375e+03   -3.514       0.00 *** 
Bihar               -1.406e+04   4.529e+03   -3.105       0.00 **  
Chhattisgarh        -2.404e+03   1.016e+03   -2.367       0.02 *   
Goa                 -2.180e+02   2.099e+02   -1.039       0.30     
Gujarat             -7.652e+03   2.086e+03   -3.669       0.00 *** 
Haryana             -1.586e+03   9.588e+02   -1.654       0.10     
Himachal Pradesh   -5.017e+02   3.562e+02   -1.408       0.16     
Jammu & Kashmir    -1.275e+03   5.479e+02   -2.327       0.02 *   
Jharkhand           -4.217e+03   1.403e+03   -3.006       0.00 **  
Karnataka           -5.274e+03   2.348e+03   -2.246       0.03 *   
Kerala              -4.552e+03   1.373e+03   -3.316       0.00 **  
Madhya Pradesh     -8.411e+03   2.952e+03   -2.849       0.00 **  
Maharashtra         -1.255e+04   4.377e+03   -2.867       0.00 **  
Manipur             -3.902e+02   2.297e+02   -1.699       0.09 .   
Meghalaya          -3.844e+02   2.340e+02   -1.643       0.10     
Mizoram             -1.542e+02   2.088e+02   -0.738       0.46     
Nagaland            -4.871e+02   2.268e+02   -2.148       0.03 *   
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Orissa              -5.726e+03   1.773e+03   -3.229       0.00 **  
Punjab              -3.758e+03   1.023e+03   -3.673       0.00 *** 
Rajasthan           -6.119e+03   2.732e+03   -2.240       0.03 *   
Sikkim              -5.285e+01   2.062e+02   -0.256       0.79     
Tamil Nadu          -4.386e+03   2.471e+03   -1.775       0.08 .   
Tripura             -5.723e+02   2.631e+02   -2.175       0.03 *   
Uttar Pradesh       -2.535e+04   8.653e+03   -2.929       0.00 **  
Uttarakhand         -1.085e+03   4.530e+02   -2.395       0.02 *   
West Bengal         -1.227e+04   4.064e+03   -3.019       0.00 **  
 
Residual standard error: 457.1 on 109 degrees of freedom 
Multiple R-squared: 0.9945,     Adjusted R-squared: 0.9929  
F-statistic: 633.2 on 31 and 109 DF,  p-value: < 2.2e-16  
 
 
Table 3  Summary of Random Effect Model 
   Estimate  Std. Error  t value   Pr(>|t|)      
(Intercept)  -1.0373e+02   3.4548e+02  -0.3003   0.76     
p              2.6017e+01   8.3173e+00   3.1280    0.00 **  
v              6.8338e-01   6.3734e-02  10.7223   0.00 *** 
r              7.3813e-03   2.7237e-03   2.7100    0.01 **  
 
Total Sum of Squares: 108210000, Residual Sum of Squares: 29838000 
R-Squared: 0.72425, Adj. R-Squared: 0.70356  
F-statistic: 119.068 on 3 and 136 DF, p-value: < 2.22e-16 
 An OLS model was developed using the same data set and models were checked for its consistency. The 
Random Effect Model showed much better results when compared with the OLS model. 
7. Conclusions and discussions 
Traffic safety is a major issue of concern across the world. In developing countries, its significance is much 
higher. There are lack of microscopic data in developing countries for assessing the risks of regions. Mostly 
multiple regression models are traditionally being used in developing countries. These models do not consider the 
endogenous variables. This study is an attempt to develop a model for establishing a relationship between 
fatalities and factors affecting them using panel data for developing countries. These models take care of the 
endogenous variables.  
 OLS models, in general, do not take care of endogenous factors. It also makes predictions that are 
underestimated. Panel data models can be used for prediction of fatalities for various of regions using readily 
available data for regions with limited data.  
The main objective of this study was to develop a panel model for prediction of fatalities for regions in 
developing countries where limited data is available. The panel data models shows a lot of promises where lack 
of data are serious issues in addressing traffic safety. In a country such as India, such models would help 
analyzing various policy related questions across regions. Similarly such models could be used in identifying  
fund allocation based on relative risk exposure of regions.  
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